city for more than ten years. The second (BS) comprised 35 children in one of the public schools in Belém. In the third group were 76 workers at an agricultural experiment station about five kilometers from the center of the city, situated in the rain forest where many men were employed as road builders and woodcutters. The fourth group was made up of 48 residents of Castanhal and Apeú, villages about 70 kilometers from Belém in which an SESP health post and sub-post, respectively, are located. The fifth group consisted of 37 lumberers and workers at a sawmill in a virgin forest about ten kilometers beyond Castanhal.
The other areas surveyed were all river towns on the Amazon or on its tributaries. The town nearest Belém was Abaetetúba on the river Abaeté, five hours distant by motor launch. The land here is an alluvial delta planted to sugar cane, which furnishes the principal industry of the region in the distillation of alcohol and rum. The people are progressive, industrious and generally better nourished than the residents of many other interior towns which depend solely on the export of natural products. A total of 58 blood samples was collected in Abaetetúba.
Cametá is situated on the left margin of the river Tocantins, about 12 hours by launch from Belém. This is an old and decadent town, which in its best days was for a time the capital of the State of Pará and the center of rich plantations of cocoa. Now it is merely a port for rubber and uncultivated nuts. Forty one samples of blood were obtained here.
Altamira on the river Xingu is most conveniently reached by hydroplane; rapids just below the town prevent navigation except by small sailing craft. It is a collecting port for rubber and nuts the upper Xingu. Produce is transported by truck around the rapids to the port of Victoria. This interrupted navigation has delayed exploitation of the region to such an extent that unfriendly indian tribes live in close proximity to the village. Twenty four specimens were collected in Altamira.
Óbidos is situated on the left bank of the Amazon, at the narrowest point in the main channel. It is the site of an old fort, which is still actively maintained, and enjoys a moderate commerce in forest products and animal skins. Only 14 samples were collected here.
Santarem is the third largest city in the Amazon valley and lies at the junction of the river Tapajoz with the Amazon on high sandy flat terrain. SESP maintains a hospital and training center for auxiliary nurses here in addition to the health post. A total of 19 samples was collected.
Fordlandia and Belterra on the right bank of the river Tapajoz were visited by launch from Santarem. These are old Ford rubber plantations which now are owned by the brazilian government. SESP does not maintain posts here. A total of 28 samples was obtained from these two places.
In the State of Amazonas, blood samples were collected in the three towns of Manaus, Lábrea, and Tefé. Manaus, on the rio Negro near its junction with the Amazon, is the State capital and second only to Belém in size; 15 samples were collected here. At Lábrea, a rubber port on the river Purús, 24 samples were obtained, and at Tefé, on the Solimões or upper Amazon, 22 samples.
A five-day launch trip was made on the Capim river, which flows in a sinuous course of 1,000 kilometers through forested, sparsely settled country in the State of Pará. The residents live on the river bank in isolated houses or in small groups of related families and are more nearly self-sufficient than the residents of most large river communities. The men go out in groups to hunt and fish and cut lumber for exportation down river in large rafts, while the agricultural products used are grown by their families. The residents examined professed not to have traveled to other municipalities and rarely even to the village of Capim. The 52 samples collected here proved to be of special interest in the serological survey, as will be discussed later. 
RESULTS OF NEUTRALIZATION TESTS
Mouse protection tests (Bugher, 1940) on the survey sera were performed in the New York laboratories. Results are summarized in Table 1 . A total of 509 persons between the ages of four and 77 years were examined, of whom 150 were children 14 years of age or less. Sera were obtained from children in only seven of the localities.
Fourteen arbor viruses were employed in the protection tests with these sera, as follows: Eastern, Venezuelan and Western Equine Encephalomyelitis, Semliki forest, Dengue I and II, Ilhéus, St. Louis Encephalitis, Uganda S, West Nile, Yellow fever, Zika, Bwamba and Bunyamwera.
Antibodies capable of neutralizing all these agents, with the exception of Bwamba, were found to be present. The numbers of sera tested against the different viruses varied greatly, however. For example, all the specimens were tested against the Ilhéus and Semliki forest viruses, but only 50 were tested against the Bwamba virus. The results obtained with each virus will be discussed briefly.
Eastern Equine Encephalitis
Of 314 adult sera tested, 13 were protective. The donors of these positive sera were residents from the neighborhood of Belém, Abaetetúba and Cametá. The incidence of immunity in Cametá was surprisingly high: three of 12 sera from children and nine of 29 adult sera were protective. It would appear that the neighborhood of Cametá provides an unusually favorable environment for EEE virus. In spite of this high rate of immunity, there is no history of any unusual incidence of Encephalitis. It will be recalled that in the United States, infection of man with this virus is characterized by severe Encephalitic symptoms and a high mortality rate. It is of interest that recently several strains of EEE have been isolated from sentinel monkeys near Belém.
Semliki forest virus
All the survey sera were submitted to neutralization tests with this agent. Sera giving positive results came from areas located throughout the entire Amazon valley. At first, results were interpreted to mean that the Semliki forest virus was present in the Amazon valley. Considerable doubt has been cast upon this interpretation, however, by the discovery both in Trinidad and on the Guamá river near Belém of the Mayaro virus, an agent closely related immunologically to Semliki (Anderson et al., 1957; Causey and Maroja, 1957; Casals and Whitman, 1957) . Very good evidence has been obtained that the positive results obtained in the neutralization tests with the Semliki virus are due to antibodies produced by Mayaro virus infection. This evidence is discussed in greater detail in an account by Causey and Maroja (1957) of an epidemic caused by the Mayaro virus.
Venezuelan Equine Encephalitis
Of 30 adult sera tested with this agent, five were found to be protective. The donors of the positive sera were workers at the agricultural experiment station near Belém and the sawmill near Castanhal. The validity of these findings was confirmed by the repeated isolation of strains of VEE virus from man, sentinel monkeys, and mosquitoes in localities near Belém.
Western Equine Encephalitis
Of 80 adult sera tested, three were found to be protective against WEE virus. The donors of these positive sera were residents of Cametá. It seems likely that these positive results are due to infection with WEE virus. The possibility must be considered, however, that the results are due to immunological overlap with other group A arbor viruses. Although, in general, the degree of immunological overlap in the group A viruses is not as marked as in group B, recent observations by Casals (1957) have shown clearly that marked overlap may occur in experimental animals. To date, no strains of virus identifiable as WEE have been isolated in the Amazon valley.
Dengue
Since the results of preliminary neutralization tests with the two strains of Dengue indicated that the incidence of antibodies to Dengue I was higher than the incidence to Dengue II, subsequent tests were performed with Dengue I. The results are summarized in Table 2 . It will be seen that the donors of sera giving positive results are all adults. All of 50 sera obtained from individuals 15 to 19 years were negative. In fact, no person less than 25 years of age showed antibodies to Dengue. These findings suggest that, although at one time it was undoubtedly present in the region, human infection with Dengue virus is now probably absent. It is of interest to compare these results with those obtained in a similar survey in Trinidad (Downs et al., 1956 ). In the latter region, the incidence of immunity to Dengue I is high not only in the capital city, Port-of-Spain, but also in rural, densely forested areas. The difference between Trinidad and the Amazon valley is no doubt a reflection of the abundance of the mosquito Aedes aegypti -a common vector of Dengue. At the time of the immunity survey in Trinidad, this mosquito was very abundant and widely dispersed on the island. A. aegypti was once present in the Amazon valley but has now been completely eradicated from the area. 
Ilhéus
Neutralization tests with Ilhéus virus were done on all 509 sera collected in the survey. Among 150 children between four and 14 years of age, seven, or 4.7 per cent, were found to be positive. The 359 sera in the age group 15 to 77 years showed an incidence of 36.2 per cent positive (Table 3 ). There was a significantly higher incidence among males (41.4 per cent) than among females (27.3 per cent). It is apparent that infection with the Ilhéus virus is very prevalent and widespread in the Amazon valley. The higher incidence of immunity in males is due, in all probability, to the fact that Ilhéus infection is acquired through close contact with the forest. 
St. Louis
There were 19 St. Louis positives (5.5 per cent) among 344 sera tested. These were distributed throughout the valley. The interpretation of these results is difficult, owing to the known immunological overlap between members of the group B arbor viruses. Ten of the positives occurred with Ilhéus or Dengue antibodies or both, and nine occurred in the absence of antibodies to these two agents. Since the St. Louis virus has been isolated in Trinidad, a neotropical region, it is probable that this virus occurs also in the Amazon valley, which is likewise neotropic. The results of the neutralization tests with Amazon sera are consistent, though not conclusive, evidence that infections with the St. Louis virus occur in the Amazon valley.
Yellow fever
Yellow fever was the only infection of this arthropod transmitted group previously known to exist in the Amazon region of Brazil. Although the virus has been isolated only recently, diagnosis of Yellow fever had frequently been made on the basis of pathological lesions in liver specimens from fatal cases of fever in man. Yellow fever vaccination campaigns have been carried out in all of the States and Territories in the area on various occasions. The usual stimulus for these is the report of fatal cases of Yellow fever. The area visited for vaccination is comparatively small in relation to the region involved, and the population treated is very small in comparison with the vaccination programs undertaken in more populous southern Brazil. During the years 1951 to 1953, 136,000 vaccinations were made by the National Yellow Fever Service in the Amazon valley. It was realized, therefore, that the neutralization test for antibodies to this virus might not give a true picture of previous infection and consequently, fewer tests were performed than originally planned. The results on the sera from the river Capim, however, where vaccinations had not been undertaken, are assumed to give information on the natural infection rate in a forest area. Here, 14 out of 32 adults examined, or 43.8 per cent, gave positive protection tests for Yellow fever; the sera of three out of the 19 children under 14 years of age, or nearly 16 per cent, were also positive. As it happened, of the total number of adult sera from all areas tested for protective antibodies against Yellow fever, 44.7 per cent were positive, a figure very close to that found for the adults examined in the Capim river area (Table 1) .
Sera from children in areas other than the Capim river have not been tested for Yellow fever antibodies. A total of 132 sera collected from the adult group 15 to 77 years of age were tested for protective antibodies for Yellow fever (Table 4) . Of these, 72 were from males and 60 from females. The males showed a higher rate of previous infection, namely, 54.2 per cent, as compared with 33.3 per cent for the females. This difference in rate may be due to the greater occupational exposure of the males. Analysis by age groups showed no marked differences (Table 4) . The results are in accord with the habits of the people in this region where the adolescent takes his place beside his elders in the work of collecting forest products, clearing land for planting and hunting or fishing along the jungle rivers. The women and girls are often in these activities, especially when the wild nuts and fruits are harvested or when the small clearings in the jungle are being worked. The occasional outbreak of Yellow fever in the Amazon valley is not a cause for alarm among either the inhabitants or the health authorities. This situation is the result of several factors peculiar to the region. In the first place, nearly half of the adult population is immune, either by naturally acquired infection or by Yellow fever vaccination, and the extent of the outbreak and its severity in any given region are therefore limited. A second factor is the absence of Aedes aegypti, which means that the susceptible individual must either visit the forest or live in close proximity to it to acquire his infection from sylvan mosquitoes. Last, but perhaps not least, is the perpetual presence of the virus in the monkey-mosquito population, with no natural barriers to curb transmission. This statement should not be taken to imply that the virus is always present in any given place. The virus may be imagined as constantly shifting in its enormous habitat, appearing and reappearing as sufficient host susceptible and vectors permit. This enzootic condition is reflected in low mortality rates among the simian tribes. Close questioning of many hunters and woodsmen in the Belém area, for instance, elicits no stories of dead or sick monkeys in the forests. The ecological picture is in marked contrast with the epizootics and epidemics of Yellow fever that periodically sweep from the Amazon through central and Southern Brazil, where monkey populations may be decimated and sometimes exterminated in the small, isolated forests, and death from Yellow fever is noted among the human inhabitants.
Other group B viruses
There were six West Nile positives among the 99 sera tested, and all six were positive for one or more other group B viruses. Ilhéus antibodies were common to all but one, and the exception was positive for Dengue. The four sera positive for Zika, among the 100 sera tested, were also positive for several other group B viruses. Neither of the two sera positive for Uganda S among the 96 tested was examined for Yellow fever antibodies. One of them, however, was positive and the other negative for other group B viruses tested. The decision as to whether West Nile, Uganda S or Zika virus occurs in the Amazon valley must be left in abeyance. It is possible that the positive sera to these agents are due to the marked immunological overlap among members of the group B viruses.
Miscellaneous viruses
Other viruses tested with the Amazon sera were Bwamba and Bunyamwera. None of 50 sera examined showed protective antibodies for the former, while 11 of 232, or 4.7 per cent, of the sera tested showed neutralization of Bunyamwera virus. The latter agent is immunologically unrelated to any other known arbor virus and, consequently, the positive findings are interpreted as clear evidence that a Bunyamwera like virus occurs in the Amazon valley.
SUMMARY
Sera from residents in 15 localities in the Amazon valley were examined for antibodies to 14 arbor viruses by neutralization tests in mice. Viruses neutralized in high ratios were yellow fever, 44.7 per cent; Ilhéus, 36.2 per cent; VEE, 16.7 per cent; and Semliki forest virus, 13.9 per cent. Viruses neutralized in lower ratios were Dengue I, 9.6 per cent; West Nile, 6.1 per cent; St. Louis, 5.5 per cent; Bunyamwera, 4.7 per cent; EEE, 4.1 per cent; Zika, 4.0 per cent; Uganda S, 2.1 per cent; Dengue II, 2.0 per cent and WEE, 1.6 per cent. Bwamba was the only virus tested for which no antibodies were found. The evidence is not conclusive that Uganda S, Zika, West Nile, St. Louis, Dengue II, or WEE virus occurs in the Amazon valley. The positive results obtained with these agents may be due to immunological overlap with other immunologically related agents.
